Current evidence suggests that around the transition from undergraduate to postgraduate training, deficiencies exist in doctors' knowledge of acute care. This study assessed Foundation Year 1 (FY1) doctors and medical students in intensive care/acute medicine with respect to their understanding of ICU practice and identifying critically ill patients. A qualitative questionnaire was formulated focusing on several targeted areas including training experience, broader ICU knowledge, formal assessment of ICU medicine and critically ill patients encountered outside the ICU. After successfully piloting the study, ethics approval was granted. In February 2010, the questionnaires were distributed to 50 final-year medical students at Brighton and Sussex Medical School and 50 FY1 doctors working at Worthing Hospital or the Royal Sussex County Hospital. One hundred percent of participants completed the questionnaires; 12.5% of medical students knew about the Surviving Sepsis Campaign compared to 62% FY1s (p<0.05). Non-significant trends were evident when choosing three most useful observations for identifying sick patients. The study concluded medical students lack knowledge regarding assessment and monitoring of critically ill patients. Undergraduate training and ICU exposure did not differ between groups, however differences existed in understanding of ICU practice. There was a relative paucity in understanding from final year students regarding the Surviving Sepsis Campaign compared to FY1 doctors, which highlights the need for further improvement.
Introduction
Within the past two decades, the General Medical Council (GMC) has suggested, implemented and supported fundamental changes to the undergraduate medical curriculum across the UK. 1 With greater emphasis on developing communication skills and increasing community-based placements, some senior clinicians believe core anatomical and basic clinical knowledge is lacking. 2, 3 Indeed that view is shared by newly-qualified doctors who believe they lack competence and confidence in basic clinical skills imperative to managing acutely unwell patients. 4 Deficiencies in knowledge of acute and emergency care are common, especially among junior doctors around the transition from undergraduate to postgraduate training. 5, 6 The National Confidential Enquiry into Patient Outcome and Death (NCEPOD, 2005) highlighted the problem of suboptimal care in an intensive care unit (ICU) setting. NCEPOD reported such sub-optimal care as significantly (p<0.0001) contributing to ICU mortality rates (52%) versus those receiving adequate care (35%). 7, 8 The report stated that 21% of referrals to ICU were made by junior doctors, which was thought to be inappropriately high. Another main concern was junior doctors failing to seek senior advice when required. Furthermore, 21% of the total admissions to ICU were deemed avoidable upon review, despite individual Trusts having specific ICU admission criteria. 9 A systematic review by Smith et al also concluded that the training of healthcare staff in the care of acutely ill patients was suboptimal, adding to patient risk. 10 They highlighted consistent themes regarding undergraduate and junior doctors from westernised countries in lacking knowledge, confidence and competence in all aspects of acute care, including the recognition and management of the acutely ill patient. This was emphasised by Smith and Poplett who showed that 5% of surveyed junior doctors thought the lower end of normal range for pulse oximetry was below 90%, 37% believed the normal capillary refill time to be greater than two seconds and normal urine output answers ranged from 2-150 mL/kg/hr. 5 Likewise, Barnsley et al highlighted deficiencies in basic acute management procedures such as intravenous cannulation. 11 This problem is not solely confined to these countries. 12, 13 While some research has been conducted into medical students' knowledge of key intensive care practices/procedures there is a relative paucity of high quality evidence. Also, few data are published comparing the knowledge of medical students to junior doctors, especially in the UK. 10 In Europe,
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Diaz et al found that out of 377 students, television accounted for 35% of their knowledge of ICU, with personal experience (25.2%), and friends and/or family contributing 35%; 16 .4% had no formal knowledge of the ICU at all. 14 
Current training recommendations
There is currently no internationally recognised competencybased programme for undergraduate ICU training and likewise, there are no rigid criteria for which each UK medical school has to adhere to when providing undergraduate intensive care training/exposure. 15 The Intercollegiate Board for Training in Intensive Care Medicine (IBTICM) recommends that medical students should be exposed to a period of structured training in intensive care; however this is rarely provided as a coherent entity as individual medical schools adapt their curricula as they see fit. 16 In 2000, Ashton and Shelly commented that 51% of ICUs trained medical students, however in 92% of ICUs this was for a total time of a less than one month. Forty nine percent of ICU directors were dissatisfied with the level of students' intensive care experience, commenting that they believed ICU should be a vital part of undergraduate training. 17, 18 Assessment Likewise, there is currently no standardised way of assessing student knowledge in acute care. Reports suggest variability in formally assessing students in ICU knowledge from 43% (Ashton and Shelly) to 66% (Shen et al). 13, 17 However, Phillips and Nolan found that although 92% of all UK medical schools offered some form of advanced life support training, only 13% offered a certified Advanced Life Support course. 19 These proportions are low compared to the US who report 53% of schools requiring certification and 60% of schools requiring 11 key critical care procedures to graduate. 20, 21 Disparities such as these could be contributing to variable patient care and potentiating clinical error in the NHS. 22 
Study objectives
The aim of this study was to assess the difference in knowledge of medical students and newly qualified doctors in the specialty of intensive care medicine. In view of the negative consequences suboptimal emergency care has on patient outcomes, it is thought that by identifying areas of poor knowledge and/or experience, potential solutions via changes to undergraduate medical curricula could be made.
Methods
The study received ethical committee approval. The questionnaire (Appendix 1) was distributed to 50 medical students and 50 Foundation Year 1 (FY1) junior doctors. Each participant was instructed to work through the questionnaire without liaising with colleagues. Once completed, the participants were handed a follow-up data sheet that summarised most of the key learning points from the original questionnaire which supplied answers to the questions posed, and discussed the Surviving Sepsis Campaign and resuscitation bundle.
The questionnaires collected demographics regarding participants' medical school, current status (student or FY1 doctor) and if known, proposed career pathway. Then it focused on four areas: • the participants' training experience • formal assessment of ICU training • their understanding of ICU as a whole • their understanding of critically ill patients encountered outside the ICU.
Participants were asked about their exposure time to ICU during medical school, how much formal teaching they received, how much self-learning they undertook, how much information they gained from watching medical programmes on television and whether any believed that television programmes significantly contributed to their knowledge of intensive care. A subjective assessment of participants' training in identifying critically ill patients was made and whether they were educated about physiological track and trigger systems such as Modified Early Warning Scores (MEWS). Participants were asked to highlight what they believed were the three most useful physiological observations for identifying the sick patient among six options, ie blood pressure, temperature, respiratory rate, heart rate, level of consciousness and oxygen saturation.
Within the assessment section, we asked about the participants' extent of experience regarding critically ill patients, along with exposure to any special study modules specifically focusing on intensive care.
Within the section looking at the broader understanding of ICU, we asked participants to indicate the distribution (totalling 100%) of adult ICU beds to different patient specialties. The participants were asked to allocate the 100% from a list of: postoperative general surgery, respiratory, haematology, gastroenterology, neurology, nephrology, acute coronary syndrome, polytrauma and neurosurgical patients. They were then questioned about the overall mortality of patients admitted to ICU, the average length of stay, the percentage of ICU beds in the UK, nurse:patient ratios and frequency of doctors' ward rounds. To complete this section, the participants were asked to list any known additional monitoring parameters recorded for an ICU patient and to indicate how often they felt allied healthcare workers attend ICU for patient interactions.
The final section of the questionnaires aimed to elicit the participants' knowledge of managing sick patients outside the ICU. We asked whether they had any prior awareness of the Surviving Sepsis Campaign (inclusive of resuscitation care bundles) and if so, to spontaneously list the important features of such bundles. To complete the questionnaire, the participants were prompted to comment whether they felt any other topics relevant to this field of medicine should have been explored, or whether they felt any specific educational concerns should be addressed to help newly qualified doctors treat acutely sick patients.
The results of the questionnaires were analysed using SPSS (version 17). Statistical significance was determined by using chi-square tests.
Results
The results have been analysed according to the four areas listed previously. Of the 100 participants 100% (n=50) of both Original articles cohorts returned them. All 5th year medical students were from Brighton and Sussex Medical School and 30% (n=15) of FY1s had graduated from Brighton and Sussex Medical School. Sixty percent of students and 62% of FY1s stated they wanted to pursue a career in hospital medicine. Of those pursuing hospital medicine, surgery and anaesthetics were most common chosen specialties in both cohorts.
Section 1 -Training
There was no significant difference in ICU experience during training, with most participants recording less than one week of experience. However, 8% of FY1s had more than four weeks' experience compared to only 2% of students. Ninety-four percent of FY1s had undertaken less than one week' s worth of practical ICU experience since graduating. There were no significant differences between formal ICU training received, both cohorts receiving a modal time between 1-5 hours. The modal time spent on self-directed learning was 1-5 hours with 21/50 (42.9%) participants in each cohort. The number of medical TV programmes regularly watched per week by both cohorts ranged from 0-4. The overwhelming majority of participants thought this was an insignificant part of their understanding of ICU (72% and 78% for students and FY1s, respectively). Twelve percent of students either agreed or strongly agreed that medical TV programmes aided their understanding of ICU versus 4% (n=2) of FY1s.
To varying degrees, participants in both cohorts believed they had received inadequate training in identifying critically ill patients, 29% of FY1s and 45% of students. This result correlated well with MEWS understanding/teaching, with 12% FY1s versus 20% of students suggesting they had received inadequate teaching in this area.
Nineteen percent of all participants chose not to answer the question regarding the purpose of MEWS; the remainder gave a correct response. Although 24% of all participants failed to answer the question regarding the purpose of clinical outreach teams, the remainder gave appropriate answers.
When choosing the three most useful observations for identifying sick patients (Figure 1 ), 78% of FY1s thought that blood pressure was part of the triad whereas only 54% of students did. Fifty-six percent of medical students suggested level of consciousness was most useful however only 40% of FY1s did. There was little difference between cohorts when suggesting respiratory rate and heart rate formed part of the triad. Temperature was suggested by less than 10% of both cohorts as being most useful. All trends were non-significant.
Section 2 -Assessment
Seventy-seven percent of FY1s and 68% of students reported having ICU clinical case teaching. Only 18% of both cohorts had special study modules in intensive care at medical school.
Section 3 -Broader ICU understanding
The fact that less than 1% of acute adult hospital beds are ICU beds was correctly identified by 16.7% of medical students and 26% of FY1s. Eighty percent of medical students versus 76% of FY1s correctly identified the nurse: patient ratio to be 1:1 in the ICU. Eighty-eight percent of FY1s suggested that ward rounds take place either two or three times per day compared to 69% of students. Both cohorts suggested that observation monitoring occurred within 30 minutes (71% versus 68%, for students and FY1s respectively).
With regards to referring specialty, the modal figure for postoperative general surgery was 30% for students compared to just 20% for FY1s. The FY1s put more emphasis on renal (10%) and gastroenterology admissions (10%) compared to 5% for both in the student cohort. With regard to the overall mortality of patients admitted to ICU, the majority of FY1s correctly thought the figure lay at 20% whereas the majority of students believed it to be closer to 50%. Six percent of students believed the mortality rates to be as high as 70%. As shown in Figure 2 , 76% of FY1s believed the average length of stay in ICU to be between 5 to 7 days; the students provided a much broader range with the majority of their estimates spread between five days to greater than two weeks with an evident multimodal distribution.
Additional monitoring suggestions were electrocardiography (n=8), Glasgow Coma Score (GCS, n=6), temperature (n=14), central lines (n=27), urine output (n=32), arterial blood gases (ABG) and central venous pressure recordings (CVP, n=40). Out of the 149 suggestions, 83 were made by FY1s and 66 made by students. As shown (Figure 3 ), the FY1 doctors were more aware of ABG and CVP recordings. Regarding allied healthcare workers, such as physiotherapists, pharmacists, dieticians, equipment technicians and microbiologists, the modal values for both cohort groups was a once daily visit to ICU. The modal value for occupational therapists was thought by both cohorts to be alternate days, whereas the radiographer is thought to visit twice daily. The modal result for perceived visits from social workers is weekly, which was the same for both cohorts.
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Section 4 -Patients outside of ICU
Only 12.5% of medical students know about the Surviving Sepsis Campaign and very few (n=2) could accurately list more than two key features of the resuscitation bundle. Even when they were able to list the parameters, the timelines varied dramatically with one suggesting antibiotics within one hour of presentation and the other 12 hours.
The FY1 doctors fared significantly better (p<0.05) with 62% (n=31) aware of the campaign. Only two of the FY1 doctors suggested serum lactate measurements as an important constituent of the resuscitation bundle. Others suggested fluid resuscitation, immediate antibiotics, blood cultures and saturation monitoring as appropriate steps to be taken.
Discussion
The results of this study correlate with previous studies, showing that students and junior doctors lack knowledge of key ICU practice. At the time of this study, the newly-qualified FY1s had been in post for at least nine months. As 94% of those questioned stated they had received less than one week of experience within ICU, it is unsurprising that there is a lack of knowledge in this field. In fact, with the modal formal ICU training time ranging from 1-5 hours in both cohorts, it is understandable that participants believed they had inadequate training. As of 2005, the advent of foundation training (part of modernising medical careers) has meant that newly qualified doctors are exposed to a variety of clinical situations in a short period of time, meaning that there is a steep learning curve. 8 This should mean FY1s are exposed to critically ill patients; however, experience gained in treating them is variable due to specific rotations and the designated on-call time an FY1 post has. In addition, implementation of the working time directive means that junior physicians have less time for training and thus gain less familiarity with these patients.
Medical schools have considered changing the undergraduate curriculum to reflect the dynamic needs of the junior doctor. For example, Brighton and Sussex Medical School has a dedicated clinical foundation course which encompasses an Anaesthetic, Critical Care and Emergency Medicine (ACE) course that runs over a 15-day period, for third year medical students. The key learning objectives for the students during this period include: • understanding the physiology of shock, principles underlying the interpretation of arterial blood gases and pH • learning the causes/emergency management of collapse, unconsciousness, and common psychiatric emergencies • acquiring a basic knowledge of the principles behind anaesthesia within critical care and the clinical use of analgesic agents • being aware of key infection control issues within the clinical environment. The ACE course integrates core scientific knowledge with practical skills necessary for effective critical care management. It seems however that the two-year gap between that training and this study has left some students deskilled in this area.
The ACE course falls some way short of satisfactorily achieving the 71 essential competencies set out by the Acute Care Undergraduate TEaching (ACUTE) initiative. 6 These competencies were developed by key opinion leader consensus and are grouped into 12 domains. The recommendation is that medical schools adopt them as key undergraduate teaching topics and ultimately integrate than with postgraduate education. The 12 domains include:
• airway and oxygenation • breathing and ventilation • circulation • confusion and coma • drug therapeutics and protocols • team working, organisation and communication • clinical examination, monitoring and investigations • patient and societal needs • trauma • equipment • pre-hospital care • infection and inflammation.
Rohan et al also highlighted this independently by suggesting that five out of their top 10 curriculum inclusion criteria should include resuscitation, airway obstruction, shock and management of both unconscious and emergency patients. 18 Assessment of medical students in ICU/critically ill patients is not standardised. 15 Our study revealed that although 77% of FY1s (versus 68% of students) reported having clinical case teaching on ICU patients, only 18% of both cohorts suggested they had specific assessed modules focusing on ICU or critically ill patients. Changes to teaching styles must also be considered. Although an expanded role for anaesthetists and intensivists in teaching medical students has been proposed, patient safety is of paramount importance. Ultimately, teaching medical students core competencies must not impede clinical duties or patient care as interruptions (eg ad hoc teaching of medical students during ward rounds) have been shown to detrimentally impact on patient care. 23 A 2008 study by Nimmo and Mitchell states that 4.4% (23/516) of ICU daily ward round interruptions are made by staff/students asking questions. 24 Hence, increasing ICU teaching in the curriculum must be done effectively and with due consideration to limit effects on patient safety through illtimed interruptions.
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Epstein and Hundert defined professional competence as 'the habitual and judicious use of communication, knowledge, technical skills, clinical reasoning, emotions, values and reflection in daily practice for the benefit of the individual and community being served.' 25 It is not enough to suggest that improving knowledge of intensive care medicine or acute medical care will significantly improve outcomes for critically ill patients. Instead, optimising patient care and preventing error needs to be underpinned by communication, cooperation and coordination; skills to be acquired through proper decision-making, task allocation, team working and situational awareness. 26 It is perceived that by teaching students 'concepts and philosophies' to develop them as well-rounded problemsolvers, patient outcomes will subsequently improve. In essence, aiming towards a more holistic professional competency then becomes a key goal. Changes to assessed core curriculum competencies must therefore be set out to help achieve this goal. 27 Objective Structured Clinical Examinations (OSCEs) now form the mainstay of clinical situational examination within medical school and postgraduate education. They represent a fundamental change in the approach to examining clinical situations. High-fidelity simulation also appears to have a place. 28 These studies have shown that a safe learning environment is beneficial in educating students in emergency care; however it seems that even then, core competencies are still lacking. Examples include failing to satisfactorily call for senior help when deemed necessary or inability to accurately confirm vital signs before initiating treatment (15% and 8% respectively). 29 However, it could be postulated that given a 'live' clinical situation, many students would be more willing to ask for senior help.
Physiological monitoring using early warning scores in 'track and trigger systems' have been advocated by the National Institute for Clinical Excellence (NICE), however limitations of using such tools have been well documented. 30 In 2007 NICE suggested that 2.7 million patient bed days could be affected by fully utilising MEWS although thorough clinical reviews are still recommended as best practice. The cost implication of adding more recorded observations is thought to be approximately £3 million. This study showed both cohorts were able to accurately suggest the purpose of MEWS tracking systems, although discrepancies existed as to their perceived adequacy of training in such matters. When participants were asked to name the three most useful physiological variables to monitor the acutely unwell patient, FY1s put more emphasis on blood pressure, whereas more students put emphasis on level of consciousness. Overall, most frequently identified were blood pressure, heart rate and respiratory rate. Both cohorts highlighted blood pressure and heart rate above level of consciousness and oxygen saturation (which combined with respiratory rate is thought to be the most important triad). Perhaps blood pressure and heart rate monitoring are more likely to be at the forefront of a FYI' s mind due to their daily roles.
In 2007, 73% of acute NHS hospitals had a critical care outreach team, which within an acute setting has been shown to reduce adverse events. 31 Although the participants who answered the relevant question were able to suggest at least one appropriate objective for such teams (see below), nearly one quarter of participants chose not to answer the question. This suggested they either have not experienced outreach in clinical practice or are unsure of its purpose. Critical care outreach teams help identify sick patients either proactively or reactively and aim to: • avert unnecessary admissions • ensure timely necessary admissions • enable discharges • share critical care skills (including moral support in difficult clinical situations). 31 There remains scope for significant improvement, meaning better training is required in the care of the acutely unwell patient. 32 Extra roles such as Advanced Critical Care Practitioner posts have been introduced within the NHS to help advise trainee doctors about patient management and support clinical skills acquisition. 33 Evans et al suggest that to further assist in achieving these goals, extending the FY1 induction period would improve confidence and competencies when newly qualified doctors are faced with an acutely unwell patient. 34 Both cohorts recognised that general surgical patients form the majority of adult ICU admissions, closely followed by general medicine sub-specialties. Although statistically insignificant, the FY1s had a better comprehension of the mortality figures for ICU and average length of stay for adult ICU patients (correctly identifying an average of five days instead of the students' suggestions between three to 14 days). Six percent of students thought the mortality rate for ICU was 70%. This impression may adversely impact discussion with families about the implications of their relative being admitted to ICU. The majority of both cohorts (FY1s 70%, students 73%) suggested less than 2% of adult acute hospital beds are ICU beds and likewise the vast majority (>75%) knew that the nurse:patient ratio on ICU is 1:1. When asked to name additional monitoring available on ICU, both cohorts provided a combined total of 149 suggestions; however none of the responses included variables such as cardiac output, capnography or lung volume measurements. It is difficult to postulate a reason for this.
Multi-disciplinary team working is a key phrase in today' s NHS, and its importance cannot be overemphasised in acute medicine. Both cohorts acknowledged the importance of allied healthcare workers (from dieticians to physiotherapists) within the ICU setting. Both cohorts had similar views regarding the input from each allied worker which suggested a minimum daily visit, except for social workers.
Sepsis mortality remains unacceptably high. 35 In order to tackle this problem, the Surviving Sepsis campaign was championed by the European Society for Intensive Care Medicine (ESICM), the International Sepsis Forum (ISF) and the Society of Critical Care Medicine (SCCM) in 2002. It aims to improve diagnosis, survival, and management of patients with sepsis by addressing its challenges. 36 The Campaign was set up following studies which have highlighted the need for better control and management of acutely septic patients and aimed to reduce associated mortality by 25% over a five-year period. The Surviving Sepsis resuscitation bundle incorporates five main elements to be completed within six hours of presentation:
• measure serum lactate • obtain blood cultures prior to antibiotic administration • administer broad-spectrum antibiotic within three hours of admission • effectively treat hypotension or elevated serum lactate with fluids • maintain adequate central venous pressure and central venous oxygen saturation. There was significant disparity between cohort groups in knowledge of the Surviving Sepsis Campaign. Only 12.5% of medical students knew about the campaign and only two could list more than two key features of the resuscitation bundle and none knew recommended timing of antibiotics. FY1 doctors fared significantly better (p<0.05) with 62% (n=31) aware of the campaign, although only two of the FY1 doctors suggested serum lactate measurements as part of the resuscitation bundle. Given the time and money invested in this campaign it is worrying that only 2% of all participants could name serum lactate as an important feature of the resuscitation bundle.
Limitations
There were several limitations which may affect interpretation of this study. With a total of 100 participants, the study lacked power as the numbers were too small to show statistical significance for most variables. The surroundings in which the questionnaire was completed were not closely monitored, and the possibility of discussing questions with other participants remained a reality. This study used a low-cost qualitative questionnaire designed to assess knowledge of both medical students and junior doctors. Given more time and better resources, more formal assessment of knowledge may be more appropriate. Some participants claimed that some questions were not user friendly and too time consuming to complete.
Conclusion
This study has demonstrated clear differences in knowledge of intensive care medicine between final year medical students and junior doctors. There was a paucity of understanding of the Surviving Sepsis Campaign of final year students compared to their junior doctor counterparts.
Increasing medical students' access to ICU teaching and training will improve the junior doctors' understanding and eventually their confidence in treating critically ill patients and thereby decrease errors. It is important to acknowledge the impact that mistakes have on not only the patients and families, but also the junior doctors. It is believed that following a recent error, up to 15% of doctors can experience shame, distress and ultimately depression which can perpetuate further errors in the near future. 37 Delphi techniques (qualitative iterative questionnaires designed to obtain consensus amongst experts in a particular field) have been utilised to advocate fundamental changes to medical school curricula which this study supports. 38 Compared to other specialties, there is under-utilisation of ICU expertise to educate undergraduates. A strong mentoring programme of clinical, emotional and educational support in ICU medicine should be incorporated into both undergraduate and postgraduate programmes. Peer-led teaching sessions and scenario-based consultation models could be useful tools to aid learning. Intensivists would ideally lead in instilling skills to new graduates as long as factors suggestive to limit teaching in ICU (ie insufficient time (68%), excessive clinical workload (51%), substandard staffing levels (43%) and insufficient funding (43%)) are overcome. 13 This teaching must come in collaboration with students' expressed needs, as experts presenting a top-down approach in curriculum design may have difficulties distinguishing ideal learning from realistic objectives. 39 For example, teaching about level 3 ICU patients may not be relevant for a newly qualified doctor. 40 A consistent, manageable and dynamic feedback mechanism must be put in place to facilitate education. Singh et al suggest a bottom-up process for curriculum design, incorporating student-led focus groups on course evaluation. They stated 38% of surveyed students suggested more interactive and clinically based lectures to supplement their critical care knowledge. 41 Student-integrated focus groups and peer-led critical care teaching sessions would be of benefit and lead to higher levels of engagement. 42 Finally, as communication skills of medical students improve, novel ways of assessing progress need to be explored. Scenario-based ICU consultation models have been shown to enhance this area of the holistic care offered by junior doctors. 43 If junior doctors were able to combine communication competencies with a better understanding of treating complex critically ill patients, we could realise an idealistic world in which junior doctors could be better relied upon to deal with forthcoming emergencies. • Postoperative general surgery …………….
• General medical (respiratory) …………….
• General medical (haematology) …………….
• General medical (gastroenterology) …………….
• General medical (neurology) …………….
• General medical (renal) …………….
• Acute coronary syndrome …………….
• Polytrauma …………….
• Neurosurgical ……………. 
